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Abstract 



PROBLEM TO BE SOLVED: To obtain a multicapillary electrophoretic apparatus by which more capillaries 
can be observed simultaneously. 

SOLUTION: A sample which is injected from the upper end of every capillary 1a is migrated downward 
inside every capillary 1a by a migration voltage which is applied from a power supply 10. During its 
migration, a linear exciting beam 4 is irradiated, the sample is excited by the laser beam 4 when it is passed 
through a part irradiated with the laser beam, and fluorescence is emitted. A part of the fluorescence is 
reflected totally by the surface of every capillary 1a, the fluorescence is not radiated from the side face of 
every capillary 1a, it is propagated to the length direction of every capillary 1a, and it is radiated from the 
lower end of every capillary 1a, The fluorescence which is radiated from the lower end of every capillary 1a 
is reflected by a mirror 24, it is condensed by a lens 5a and a lens 5b, and it is distinguished from 
background light and exciting light by an optical filter 6 so as to be guided to a detector 7. The output of the 
detector 7 is input to a computer 8 so as to be processed, and migration waveform data on every capillary 
1a is obtained. 
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[SUBJECT] 

More capillaries 
simultaneously. 



can be observed 



[SOLUTION] 

The sample injected from the upper end of 
capillary 1a migrates the inside of capillary 1a 
downward with the migration voltage impressed 
from a power supply 10. 

The linear exciting beam 4 is irradiated in the 
middle of the migration, if a sample passes 
through the part irradiated of the laser beam 4, 
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a laser beam will excite and fluorescence will be 
emitted. 

The total reflection of this fluorescent one part 
is carried out on the surface of capillary 1a, it 
spreads in the length direction of capillary 1a, 
without emitting from the side of capillary 1a, it 
radiates from the lower end of capillary 1a. 

The beam radiated from the lower end of 
capillary 1a is reflected by the mirror 24, it is 
condensed with Lenses 5a and 5b, after 
distinguishing from a background light and 
excitation light with the optical filter 6, it guides 
to a detector 7. 

The output of a detector 7 is input into a 
computer 8, and is processed, the migration 
waveform data of each capillary 1a are 
obtained. 
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[CLAIM 1] 

A multicapillary electrophoretic apparatus, 
which has some capillaries which the gel was 
filled and were arranged in parallel mutually, the 
buffer tank which is provided at the top edge 
part and bottom end of a capillary, and holds the 
buffer liquid contacted on the gel and the 
electric target in a capillary and by which the 
base or side opposing a lower-end surface of a 
capillary is constituted from the bottom-end side 
by the transparent part material, and the 
migration power supply which impresses a 
migration voltage to the gel in a capillary via 
both the buffers liquid. 

It has the multicapillary array migration 
section by which the sample labeled with the 
fluorescent material is injected into each 
capillary, and is simultaneously electrophoresed 
by all capillaries, the excitation optical system 
which irradiates an excitation light beam to all 
capillaries along one straight line orthogonal to 
the direction of a migration from the direction 
that intersects the surface of the capillary array 
of said multicapillary array migration section, 
and the fluorescent detection system equipped 
with a detector, and the optical system which 
guides to said detector what permeated and 
radiated the transparent base or the side of a 
buffer tank of a bottom end from the lower end 
of a capillary by the fluorescence generated 
from the sample of all the capillaries excited by 
the excitation light beam of said excitation 
optical system 



[DETAILED DESCRIPTION OF INVENTION] 
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[^WtDmi-zmiftm [TECHNICAL FIELD] 

^^S^fial / ^5^^|)T^ DNAV- This invention is an electrophoretic apparatus 
fr>isy^?j:}£(D^k^ft%r\zRl used for biochemical analysis such as gene 

diagnosis and DNA Si-Ken Synge. 
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Samples such as a DNA fragment (fragment) 
pretreated by Sanger's method using the 
fluorescent primer (primer to which the chemical 
bond of the fluorescent material was carried out 
as a label), are electrophoresed. 

The fluorescence that irradiates excitation 
light to a sample in the middle of a migration, 
and is generated from a sample is detected, 
and a base sequence etc. is determined. 

It is related with said online type 
electrophoretic apparatus. 

Especially, this invention relates to the 
multicapillary electrophoretic apparatus which 
electrophoreses some samples simultaneously 
using some capillaries that filled the migration 
gel. 
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[PRIOR ART] 

The DNA sequencer which it is high 
sensitivity, and is a high speed, and had a large 
capacity is needed for base sequence 
determination of DNA with a huge base 
sequence like a human genome. 

As the one method, instead of the thing using 
a flat slab gel, the multicapillary DNA sequencer 
which arranged two or more capillaries which 
filled the gel is proposed. 

Handling and impregnation of a sample are 
not only easy, but compared with a slab gel, it 
migrates a capillary at high speed, it can detect 
high sensitivity. 

In other words, when impressing the high 
voltage by the slab gel, the band spread under 
the influence of a Joule heat. 

Problems, like a temperature gradient arises 
arise. 

However, in a capillary such a problem is a 
few, even if it impresses the high voltage and 
carries out a high speed migration, the breadth 
of a band is a few and a high sensitive detection 
can be performed. 
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[0003] 

If it processes by the Sanger's method, four 
kinds of DNA fragment samples consisting of A 
(adenine), G (guanine), T (thymine), and C 
(cytosine) will be formed for the terminal. 
As a DNA sequencer, the electrophoresis 
isolation of the sample beforehand labeled with 
the fluorescent pigment is carried out by the 
capillary, a laser beam is irradiated to one point 
of the electrophoresis path, and a sample is 
excited, the produced fluorescence is detected, 
the fluorescent type capillary electrophoresis 
analyser which requires a migration waveform 
from a time change of the intensity is common. 
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[0004] 

Figure 1 showed the example. 

The gel is filled in some capillaries 1 arranged 
in parallel mutually, the buffer tanks 2 and 3 are 
arranged by the top edge part and bottom end, 
respectively. 

In the buffer tank 2 and 3, it puts into a buffer 
liquid, and contacts with the gel in a capillary 1, 
a migration voltage is impressed from the 
migration power supply 10 between both buffers 
liquids. 

A capillary 1 is arranged by the single tier, 
excitation light 4 are irradiated from the 
horizontal direction of the sequence, the 
fluorescence is generate from the sample which 
migrates the inside of a capillary 1 is detected 
by the fluorescent detection system arranged in 
the direction that intersects the sequence 
surface of a capillary 1 . 

A fluorescent detection system is equipped 
with the image detector 7 of one-dimensional or 
two dimension, the optical systems 5a and 5b 
for image-forming the image on one line 
irradiated by excitation light on the image 
detector 7, and the filter 6 that is made to 
permeate a fluorescence among the lights from 
the sample in a capillary, and removes an 
excitation light component. 
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The fluorescent image from the capillary 
image-formed by the detector 7 is detected. 

The base sequence of DNA etc. is 
determined from the fluorescent time change 
detected for every capillary. 
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[PROBLEM ADDRESSED] 

In the multicapillary electrophoretic apparatus 
of Figure 1, only the capillary arranged by the 
single tier can be observed but the number of 
the samples that can be analyzed 
simultaneously is limited. 

Even if it uses an image detector two- 
dimensional as a detector 7, only the one- 
dimensional image of them can be utilized. 
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[0006] 

Moreover, when excitation light are irradiated 
from the horizontal direction of the sequence of 
a capillary, it is the irradiation and emission side 
and excitation light intensities differ greatly, with 
the position of a capillary, a difference will arise 
in a fluorescence intensity and a signal-to-noise 
ratio will change. 

This invention aims also at preventing 
excitation light intensities differing, arranging 
more capillaries, and enabling it to observe 
simultaneously by the place where the capillary 
is arranged. 
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[SOLUTION OF THE INVENTION] 

As for the buffer tank provided at the bottom 
end of a capillary in the multicapillary array 
migration section which is equipped with some 
capillaries which the gel was filled and were 
arranged in parallel mutually in this invention, 
and is simultaneously electrophoresed by all 
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capillaries, the base or side opposing lower end 
of a capillary consists of transparent part 
materials. 

From the direction that intersects the surface 
of a capillary array, an excitation optical system 
irradiates an excitation light beam to all 
capillaries along one straight line orthogonal to 
the direction of a migration. 

Moreover, it was fluorescent and the 
fluorescent detection system was equipped with 
the optical system which guides the thing to be 
generated from the sample of all the capillaries 
excited by the detector and the excitation light 
beam of an excitation optical system, and which 
permeated and radiated the transparent base or 
the side of a buffer tank of a bottom end from 
the lower end of a capillary to the detector. 
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[0008] 

In this invention, since it was made to perform 
a fluorescent detection from the lower end of a 
capillary, a capillary array can also be arranged 
in multiples, the number of the samples that can 
be analyzed simultaneously can be increased 
sharply. 
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[Example] 

Figure 2 expresses one Example. 

Mutually, in parallel, capillary 1a which is a 
migration path is arranged so that an end face 
may be arranged two-dimensional. 

The gel of a migration carrier is filled in 
capillary 1a. 

However, capillary 1a and a gel have the 
desirable thing of a transparent material so that 
fluorescence may not be attenuated. 

Moreover, in order to restrain the fluorescent 
emission from capillary side, the material of 
capillary 1a has the desirable thing of a high 
refractive index to air and a buffer liquid. 
As a material of such capillary 1a, quartz glass 
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l)|B^t--A4^^i)^[^HS 



is suitable. 

Moreover, 
suitable. 



as a gel, a polyacrylamide gel is 



[0010] 

The upper end of the flux of capillary 1a is 
dipped in the buffer liquid in the upper-end side 
buffer tank 2, the lower end of the flux of 
capillary 1a is dipped in the buffer liquid in 
lower-end side buffer tank 3a. 

The base of lower-end side buffer tank 3a 
opposing the lower end of capillary 1a consists 
of transparent materials. 



[0011] 

Since the excitation light beam 4 is 
generated, the argon ion laser and the YAG 
laser are provided as a light source 20, the 
argon ion laser, the YAG laser, and the optical 
system are arranged so that it may become a 
laser radiation from an argon ion laser, and an 
excitation light beam on the optical axis with the 
same laser radiation from a YAG laser. 

The one method of generating the excitation 
light beam 4 oscillates a 488 nm laser radiation 
from an argon ion laser. 

Let the laser radiation that is made to oscillate 
a 532 nm laser radiation and contains two kinds 
of wavelengths be the excitation light beam 4 
from a YAG laser. 

Only an argon ion laser is used for the other 
method of generating the excitation light beam 
4, the laser radiation of two kinds of the 
wavelength (488 nm and 514.5 nm) is oscillated 
simultaneously, and it considers as the 
excitation light beam 4. 



[0012] 

In order to make the excitation light beam 4 
into the shape of a straight line perpendicular to 
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the direction of a migration, the beam expander 
and the optical system 22 containing a 
cylindrical lens of the excitation light beam 4 are 
arranged on the optical path. 

A beam expander extends a beam. 

The excitation light beam irradiated from a 
light source 20 is extended, and it irradiates in 
the direction of a capillary array. 

A cylindrical lens completes the excitation 
light beam 4 which was able to be extended by 
the beam expander in the shape of a line. 

The excitation light beam 4 which it 
converged in the shape of a line is irradiated by 
the capillary array along the straight line 
orthogonal to the direction of a migration from 
the direction that intersects the surface of a 
capillary array. 

The light source 20 and the optical system 22 
constitute the excitation optical system. 

[0013] 

A mirror 24 is arranged by the outer side of 
the base of buffer tank 3a in order to guide the 
light radiated from the lower end of capillary 1a 
to the two-dimensional detector 7, in order to 
make a detector 7 image-form the light reflected 
by the mirror 24, Lenses 5a and 5b are 
arranged. 

Among Lenses 5a and 5b, the optical filter 6 
for permeating only a fluorescent component 
among the lights radiated from the end face of a 
capillary is arranged. 

As a detector 7, a CCD camera, a vidicon 
(image pickup tube), etc. are suitable. 



[0014] 
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[0014] 

Operation of this Example is demonstrated. 

It labels with a fluorescent material, the 
sample impregnated from the upper end of 
capillary 1a migrates the inside of capillary 1a 
downward with the migration voltage impressed 
from a power supply 10. 

The linear exciting beam 4 is irradiated in the 
middle of the migration, if a sample passes 
through the part irradiated of the laser light 4, a 
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laser light will excite and a fluorescence will be 
emitted. 

The total reflection of this fluorescent one part 
is carried out on the surface of capillary 1a, it 
spreads in the length direction of capillary 1a, 
without radiating from the side of capillary 1a, it 
radiates from the lower end of capillary 1a. 

In order to restrain scattering in a capillary 1a 
surface at this time, a capillary with a smooth 
surface is used, and it is desirable to constitute 
the distance from the laser part irradiated of a 
capillary to a lower end as short as possible. 

The light radiated from the lower end of 
capillary 1a is reflected by the mirror 24, it is 
condensed with Lenses 5a and 5b, after 
distinguishing from a background light and 
excitation light with the optical filter 6, it guides 
to a detector 7. 

The output of a detector 7 is input into a 
computer 8, and is processed, the migration 
waveform data of each capillary 1a are 
obtained. 



[0015] 



[0015] 



[8M^*] 



[EFFECT OF THE INVENTION] 

In this invention, since it was made to perform 
a fluorescent detection from the lower end of a 
capillary, a capillary array can also be arranged 
in multiples, the number of the samples that can 
be analyzed simultaneously can be increased 
sharply. 

Moreover, the fluorescence radiated from the 
end face of a capillary is detected. 

Therefore, the irradiation to a fluorescent 
detection system can be made easy by bending 
a capillary. 
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shows the electrophoretic apparatus of one 
Example. 

[EXPLANATION OF DRAWING] 
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[FIG.2] 
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